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INTRODUCTION
What might living with Ambient Intelligence (AmI) be like for ordinary people in 2010? The IST Advisory Group (ISTAG) has described a set of futuristic scenarios to address this question, (Ducatel et al. 2001 ). These scenarios outline the European vision of high-tech development in the field of AmI. One of these scenarios, "Maria", describes a busy business person travelling from Europe to an Asian country that has an AmI infrastructure. Maria's computer and personal communication device is her P-Com, which she wears on her wrist. She leaves the airport, checks in to her hotel and is able to go smoothly through her high-pressure world and concentrate on her work without negotiating each step of the way. The services that are required by Maria are available to her and she can make adjustments and selections as she desires. We are interested in the service providers' perspective of the scenario, in particular, how such scenarios can be realized easily and efficiently, and can be of mutual benefit for the individual as well as the community or the society.
AmI provides the seamless and intuitive support that Maria needs to obtain her services. Her personal communication device and the devices placed in her hotel room infer her needs at any point in time. We have considered the services that were available to her in order to analyse and understand how the scenario can be realized.
For example, she has a rental car waiting for her at the airport. To have this service available at the time of her arrival requires the collaboration and coordination among several parties such as Maria or her personal agent, her travel agent, rental car company and credit card company. She is guided through the traffic which requires collaboration among the rental car company, traffic guidance authority and the credit card company. Similarly, the hotel booking requires a number of parties working together. All of these services are provided by a number of different parties, with different interests and business goals. They must collaborate, coordinate, exchange information and possibly negotiate to reach an agreement. The possibility of such collaboration is facilitated by the appropriate technical infrastructure and accessibility to the appropriate technologies.
In this paper, we consider a similar scenario where a tourist has a short stopover in the Norwegian city of Trondheim, a city with wireless coverage, and how the experiences of the tourist can be enhanced while supporting the business community and the city of Trondheim. The "Wireless Trondheim" initiative is a collaboration between the local council and the university. We see this as an opportunity for the ordinary person in the city and visitors to the city to enhance their experiences. Similarly, it is also an opportunity for the small and large businesses that are already in the city to enhance their services and increase their customer base.
We have chosen a scenario with tourists as they are likely to be one of the user groups where AmI is initially to be realized in the near future. Also a person travelling for any purpose may be a tourist and tourists are more likely to be open to new suggestions and explorations of what a city may have to offer. We consider the needs of the tourist along with the mutual needs of the city.
Virtual Enterprises (VE) are a promising business model for providing services as envisaged in the ISTAG scenario. We discuss the role and significance of VEs in this context and why VEs are a suitable means of realising AmI. The rest of the paper is organized as follows: Section 2 defines AmI, Section 3 describes our scenario, Section 4 analyses the scenario, Section 5 discusses the service providers in an AmI scenario as VEs and Section 6 proposes a functional system architecture for realising our scenario.
AMBIENT INTELLIGENCE
The concept of AmI has been described as human beings surrounded by intelligent interfaces supported by computing and networking technology that is embedded in everyday objects such as furniture, clothes and the environment (ISTAG 2005) . The environment should be aware of the presence of a person (the user) and perceive the needs of the person and respond intelligently to these needs. It should be able to adapt to the needs of the user in a relaxed and unobtrusive manner.
The above description of AmI suggests some requirements for the success of it. There must be some technology that is accessible to the user or serves the user in a proactive yet unobtrusive manner (Weiser and Brown 1997) , becomes aware of the user and her needs and responds intelligently to the context and needs of the user. We see AmI as an overlap of a number of paradigms; Ubiquitous Computing (Weiser 1991) , Pervasive Computing (Satyanarayanan 2001) and Artificial Intelligence (Russel and Norvig 2002) . The Ubiquitous Computing aspect addresses the notion of accessibility of the technology, where the technology and connectivity is available through everyday objects that are in the user's environment. Artificial Intelligence techniques provide the context awareness to establish the user's needs and the appropriate response and the Pervasive Computing aspect supports the architectural aspects to realize the situation.
AmI is often discussed from the perspective of the user, where the user is a human being. Obtaining the relevant information about the user's needs and establishing this constitutes a major part of this. Responding accordingly and the delivery of the appropriate services to meet the user's needs is a challenge that is gaining interest, e.g. (Myrhaug and Göker 2003) . This requires an analysis of the user's needs from a service providers' perspective and addressing how two or more service providers can collaborate to do this.
TOURIST IN TRONDHEIM
Consider the scenario where a tourist arrives in Trondheim on a cruise ship. The cruise ship stops over in the Trondheim harbour for one day and the passengers have the opportunity to visit Trondheim, see some of the sights and museums and buy some souvenirs. Before leaving the cruise ship, the tourist signs on to the "Trondheim Experience", which provides her a mobile device such as a PDA or a smartphone. The harbour is 1 km from the city centre. The tourist leaves the cruise ship and walks towards the city centre. She is faced with some street signs, e.g. "sentrum", "pirbadet", and "solsiden". She accesses the glossary service using her device to get an explanation of these signs. She follows the signs that say sentrum to the city centre.
She passes Nidarosdomen, the cathedral in the city. She is presented a brief introduction to the landmark and is informed that there is a guided tour of the cathedral starting in 10 minutes. The cost of an entrance ticket and the directions for obtaining a ticket are provided. As she joins the guided tour of the cathedral, the Trondheim Experience service de-activates itself. She chooses to utilize a locationdependent guide installed in the cathedral, (Wang et al. 2005) . As she leaves the cathedral, the Trondheim Experience service re-activates and she is informed that there is a concert in the cathedral at 16:00hrs, the ticket prices and how to obtain a ticket. She is prompted with two package offers; (i) to see the concert at the cathedral, visit the museum at the Archbishop's residence a few metres from the cathedral, a traditional Norwegian meal at a restaurant and transport back to her cruise ship after the concert, (ii) to walk to Skyssstasjon, which is a restaurant in one of the city's oldest buildings, a walk along Bakklandet, a trip to the island outside Trondheim, Munkholmen, and transport back to her cruise ship. She wonders if some of her fellow passengers who are also visiting the city would like these offers and forwards the offer to the other passengers that signed on for the Trondheim Experience service.
In order to utilize the limited time she has in Trondheim and enjoy the city rather than finding out what's on offer, she accepts the first offer and plans the rest of her day. She visits the museum at the Archbishop's residence and continues walking around the city centre until the time to go to the restaurant. As she passes various buildings and shops, she is informed about the architecture and history of the building and about sales and offers in the shops, depending on her interests. Also, she is able to find out who will be joining her for the concert and the traditional Norwegian meal.
ANALYSIS
The scenario described in the previous section establishes a tourist's needs and proposes some services. The tourist can ask for a specific service, for examples, the glossary service for explanations of street signs. However, the AmI component is mainly aimed at establishing the tourist's needs based on information available from the tourist, patterns of needs by previous users as well as what can be detected automatically, such as location and time (e.g. date, time of the day and season). The tourist is provided a set of services based on this. In addition to providing information that is directly relevant there and then, the tourist is also prompted with other potential services, e.g. the package including a museum and a meal. The tourist is also able to communicate with other tourists that use the same service. The services provided respond to a possible need as well as try to stimulate the user for possible needs in the near future.
Consider the user's perspective, in this case the tourist. The tourist would like to see and learn as much about the city as possible within the time that is available, i.e. one day. As the tourist walks around the city, she may wish to know about the architecture of the buildings, where to find specific items and souvenirs, listen to some local music and taste traditional food. Finding out these things is time consuming and joining a guided tour of the city can be constraining. The tourist who likes to walk around the city and see the sights and learn about the city would like a combination of the guided tour and a free walk, i.e. a personalized guided tour.
Consider the service provider's perspective, in this case the local businesses and the city of Trondheim. The city of Trondheim would like the tourist to have a good time, form a positive impression of the city and attract the tourist for a visit in the future. At the same time, it would like the tourist to visit the historical sights of the city, contribute to the maintenance of these by purchasing entrance tickets and souvenirs. The local businesses would like the tourist to visit their shops or restaurants and use their services, thus increasing their customer base and the volume of business they conduct. Rather than leaving the tourist to accidentally stumble upon what the city has to offer, the city could collectively be proactive in guiding the tourist through the parts of the city that suits the tourist's preferences. The number of parties that are interested in meeting the needs of the tourist and stimulate more needs from the tourist while enhancing their own business prospects is huge and varied. To achieve optimal benefit from this situation, the service providers need to collaborate and form alliances or VEs to provide a set of services to the tourist.
AmI establishes a user's needs while a VE can be used to meet the needs of the user. AmI focuses on the user's perspective of the situation while a VE is seen from a service provider's perspective.
SERVICES PROVIDERS AS VIRTUAL ENTERPRISES
We consider a VE as a set of entities, such as organizations, human beings or software agents that collaborate to achieve a specific goal (Petersen and Gruninger 2000) . A VE can be characterised as a partnership of enterprises that collaborate as a temporary network, (Jagdev and Browne 1998), by sharing their skills, costs and risks. This network may consist of pre-existing enterprises that collaborate by means of specific Information Technology components (Garita and Afsarmanesh 2001). They align their goals and commit to achieving these goals through a process of negotiation. VEs are usually formed to exploit a market opportunity (Fischer et al. 1996) , and their dynamic and flexible nature facilitates the quick and easy formation as well as adaptation to the market situation.
To provide the services in an AmI environment, a number of entities must collaborate behind the scenes. We believe that VEs are necessary for providing services that are seamless and cohesive in an AmI environment. The dynamic and flexible nature of VEs facilitates the adaptation to the user's needs. The relationship between AmI and VE is illustrated in Figure 1 .
Figure 1: Relationship between Ambient Intelligence and Virtual Enterprises
A tourist's situation and desires, established by AmI, can be modelled as a set of goals that need to be fulfilled. Using ideas from Enterprise Modelling, goals can be achieved by performing a set of activities (Petersen and Gruninger 2000) . The identification or the selection of the set of appropriate activities that best fulfils the goals can be done by reasoning.
Service providers in the city who are interested in serving the tourists are transmitting information about themselves as service offers. Some of these service providers, e.g. P1, P2, P3 and Pn as shown in Figure 1 , could perform the set of activities that fulfil the goals. Thus, the response to the tourist's needs as a set of activities can be proposed by a group of partners that collaborate, i.e. a VE, to deliver a set of services. For example, the museum at the Archbishop's residence, the concert organizer, the restaurant and the taxi company form a VE to propose the first offer to the tourist. The tourist can pay for this package offer as a single product without negotiating with each service provider individually. Once this is accepted by the tourist, the VE needs to deliver the services and the mobile device guides her through the city to reach the goals that have been set, while continuing to dynamically assess possible changes in her needs.
In order for such VEs to form, each service provider must provide information about their offers, their interests, who they wish to collaborate with and other relevant information. This information can be used first to match against the requirements for performing the activities and second, to form an appropriate team of partners that constitute the VE. An example of such a VE formation model and supporting infrastructure are described in (Petersen et al. 2003 ).
SYSTEM DESIGN Figure 2: Functional System Architecture
To realize the tourist scenario, we envisage a system that takes into account the runtime context information for the tourist's needs, such as location, availability of services, as well as utilize information about past experiences and tourist's preferences. Reasoning capabilities can be used to establish the needs as well as to determine the services to offer. Based on the experiences from the AmbieSense project, (AmbieSense 2005) and (Kofod-Petersen and Mikalsen 2005(a)), a functional systems architecture for realising our scenario is shown in Figure 2 . The tourist has a device that detects location. A net-based information service contains previous experiences and reasoning capabilities. Service providers submit their information to the information services using information beacons, e.g. Establishing the tourist's needs/perception: the first step is to understand something about the tourist's interests. When she signs up for the Trondheim Experience service, she is asked to select some keywords that indicate her interests, e.g. medieval Trondheim, Norwegian food, shopping. In order to personalize the services offered to the tourist, a profile of the tourist must be established. A good candidate for constructing user models is through stereotypes as reported in (Jayaputera et al. 2003) . This requires some form of reasoning. Why was the tourist prompted about the guided tour of the cathedral? One reason could be that she is currently in that location. Why was she offered the two specific packages for experiencing Trondheim? The selective offers can be based on what is known about the tourist, e.g. her interest in medieval Trondheim and Norwegian food and what tourists that have used the Trondheim Experience service in the past with similar interests have desired. Reasoning capabilities facilitate the personalization of the information and services offered to the tourist.
The net-based information services determine the information that should be presented to the tourist based on her needs. Since the tourist has signed on for the Trondheim Experience, we assume that she is interested in receiving some information and service offers. She can choose to receive personalized information or all information that is available (e.g. which may include some advertising information) and she can selectively turn the service on an off.
Service offers/personalized response: The services that are available for any context can be provided by a predefined model of the city. A more dynamic way of doing this is the use of information beacons in the city that provide runtime information to the system about the services that are currently available in and around any location, see Figure 2 . Thus, the service providers transmit information about themselves using the information beacons. The use of information beacons by the service providers allow them to control the information that they publish about themselves and be selective about their audience. This allows the service providers the opportunity to submit their information and offers, if and when they desire, and to selected groups of users based on the user profile. For example, a shop selling scuba diving equipment may not desire to send information to a tourist that is interested in medieval Trondheim. Based on this information, reasoning capabilities in the system can be used to provide a response that is appropriate for the current situation, i.e. a personalized response.
Information services/reasoning: the information services that both the mobile device and the information beacons are connected to are capable of reasoning to establish the user's needs based on available information. The system establishes a profile of the tourist and determines the type of user she is. Then it will answer questions such as which offers shall we propose to the tourist? Once the tourist accepts a package, the goal of the system is to lead the tourist through the city to utilize the services that have been purchased. While traversing through this path, the system finds opportunities to propose other services to the tourist such as information about the architecture of a building and sales offers. Again, the tourist can choose to receive this information.
SUMMARY
VEs provide a promising business model for realising AmI scenarios. This paper describes the scenario of a tourist in a wireless city, who can be provided a personalized city guide via AmI. The tourist's needs are established using AmI and the needs are met by a group of service providers that collaborate as a VE. We have discussed the relevance of VEs for realising AmI scenarios and proposed the design of a system that facilitates such scenarios.
The ideas presented in this paper describe an innovative use of VEs to provide rich and personalized user experiences. Its main contribution is to propose means of realizing AmI where the business and societal perspectives are considered. As discussed, AmI is realized by the collaboration of several entities or service providers and VEs are a promising means of providing seamless and cohesive services in an AmI environment.
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